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Transcranial magnetic stimulation (TMS) is one of the current approach to 
stimulate the neurons in the brain, by changing the magnetic fields in that area using 
electromagnetic induction, neurons with weak signals amplified. Many studies 
showing that this stimulation can enhance the brain activity, therefore it became one 
of the trending approaches to study the brain conductivity and excitability, in term of 
safety many studies has shown that this type of stimulation can be applied with no risk 
of side effect in normal subjects. In the meantime, there are many theories and many 
studies about thoughts and physiological behaviour and the origin of emotions and it 
is agreed to be the brain, and the efficiency of integrating transcranial magnetic 
stimulation to the brain activity and emotions remains not clearly established. The 
main objective of this project is to evaluate the effect of transcranial magnetic 
stimulation of healthy subjects to electroencephalogram (EEG) in response to 
emotions. Therefore, in this research, sixteen subjects exposed to visual stimulus to 
induce their emotions is carried out, these emotions measured by using 
electroencephalogram (EEG) recorder, and the signal amplified by applying 
transcranial magnetic stimulation (TMS). After that, the data has been recorded and 
multiple filtering techniques has been applied to filter out the noises, and then followed 
by feature extraction method to extract the statistical information from the signal using 
power spectral density, and finally the results classified by using LDA and kNN 
classifiers. The results of this study showed that transcranial magnetic stimulation 
could enhance the brain signal and amplify the emotion intensity. Morover, it also help 
improve the classification accuracy of emotions and the highest emotion effect was 
afraid 79% using LDA classifier and followed by happy emotion 67% using kNN 
classifier, and overall classification improved the results also shows that the temporal 







Rangsangan magnet transkranial (TMS) merupakan salah satu pendekatan 
semasa untuk merangsang neuron di otak, dengan menukar medan magnet di kawasan 
itu menggunakan induksi elektromagnet, neuron dengan isyarat lemah diperkuatkan. 
Banyak kajian menunjukkan bahawa rangsangan ini dapat meningkatkan aktiviti otak, 
oleh sebab itu ia menjadi salah satu pendekatan tren untuk mempelajari kekonduksian 
otak dan keceriaan, dari segi keselamatan banyak kajian telah menunjukkan bahawa 
jenis rangsangan ini dapat diterapkan tanpa risiko efek sampingan dalam mata 
pelajaran biasa. Sementara itu, terdapat banyak teori dan banyak kajian mengenai 
pemikiran dan perilaku fisiologi dan asal emosi dan disepakati menjadi otak, dan 
kecekapan mengintegrasikan stimulasi magnet transkranial kepada aktiviti otak dan 
emosi masih tidak jelas. Objektif utama projek ini adalah untuk menilai kesan 
rangsangan magnet transkranial subjek yang sihat kepada isyarat otak dan 
electroencephalogram (EEG) sebagai tindak balas kepada emosi. Oleh itu, dalam 
kajian ini, enam belas mata pelajaran yang terdedah kepada rangsangan visual untuk 
mendorong emosi mereka dijalankan, emosi ini diukur dengan menggunakan perakam 
electroencephalogram (EEG), dan isyarat yang diperkuat dengan menggunakan 
stimulasi magnet transkranial (TMS). Selepas itu, data telah direkodkan dan pelbagai 
teknik penapisan telah digunakan untuk menyaring bunyi-bunyi, dan kemudian diikuti 
dengan kaedah pengekstrakan ciri untuk mengeluarkan maklumat statistik dari isyarat 
menggunakan ketumpatan spektrum kuasa, dan akhirnya hasilnya diklasifikasikan 
dengan menggunakan LDA dan pengelas kNN. Keputusan kajian ini menunjukkan 
bahawa rangsangan magnet transkranial dapat meningkatkan isyarat otak dan 
meningkatkan intensitas emosi. Morover, ia juga membantu meningkatkan ketepatan 
klasifikasi emosi dan kesan emosi tertinggi adalah takut 79% menggunakan pengeluar 
LDA dan diikuti oleh emosi gembira 67% menggunakan pengeluar kNN, dan 
klasifikasi keseluruhan memperbaiki keputusan juga menunjukkan bahawa lobus 
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1.1 Problem Background 
Transcranial magnetic stimulation (TMS) is one of the noninvasive procedures 
to improve physiological symptoms like depression; it works by delivering repetitive 
pulses to the brain and activates it. Therefore, current trends tend to combine it with 
other measurement technique like EEG to investigate its effect. 
TMS can enhance the physiological state of the brain which includes emotions 
and emotion recognition one of the most topics that widely discussed for various 
reasons that could minimize the difference between humans and machines and provide 
higher interaction (1). Emotions also can help with anti-stress therapy and in 
physiological diagnoses, studies show that using EEG emotion recognition used as an 
application for healthcare to treat and diagnose patients with mental health (2).   
Emotions can also play a major role in human behavior and actions and it has 
a high impact on marketing and decision making, and emotions is an important factor 
that is being neglected by the mangers (3). Another study shows that emotions can 
help influence the virtual reality experience where the interaction of similar virtual 
environments can generate the same emotions (4). 
Emotions defined as the feelings that involve a complex process of thoughts, 
physiological changes, and expression. And its complex process, which involves many 
physiological and physical factors like stress, depression, heart rate, and it, can be 
provoked by a stimulus. The psychoactive effects of these emotions can be recorded 
by EEG measurement and can be represented in terms of amplitude and frequency 





by measuring the EEG activity and evoke it using Transcranial Magnetic Stimulation 
(TMS) and to observe if it can help to increase the amplitude of the brain activity. 
1.2 Problem Statement 
During the past decade, emotions have been investigated by many studies to 
evaluate it, Transcranial Magnetic Stimulation (TMS) has been proven to unlock and 
access to regions in the cortex unable to be accessed by the regular EEG method (5). 
However, Transcranial Magnetic Stimulation (TMS) uses an electromagnetic 
pulse to activate the deep brain neurons, which cause a severe noise in the form of 
speckles and artifacts to the signal. Moreover, one of the main challenges in 
physiological behaviors is a distinction between emotions; emotions can vary and does 
not have a unique form or shape. There are many studies and method to differentiate 
emotions, and limited evidence conducted regarding the effect of TMS on emotion 
recognition topic.  
Therefore, the effect of Transcranial Magnetic Stimulation to EEG signals and 
emotions will be investigated and evaluated; it can be measured by designing an 
appropriate protocol and placing the electrode cap on the scalp of the participants to 
record the signals of the brains.  
1.3 Motivation 
Nowadays with the technology advancement, the computer able to mimic the 
human ability and perform intelligent tasks with more efficiency and less time, with 
the aid of human emotion recognition computers will be able to perform many tasks. 
For example, it can be used to identify human mode and motive to choose appropriate 
tasks and enhance efficiency (1); also, it will improve the human-computer 





used in healthcare where it can identify a physiological state that cannot be measured 
by physical signals and help the therapist during their task, in entertainment emotions 
can also apply where it could enhance the player experience and provide a higher level 
of entertainment (2).  
1.4 Research Objectives 
The objectives of the research are: 
(a) To analyze the effect of Transcranial Magnetic Stimulation (TMS) to the 
encephalogram (EEG) signals. 
(b) To design an experimental protocol to differentiate between emotions. 
To analyze the features based on emotions reaction to Transcranial Magnetic 
Stimulation using machine-learning method. 
1.5 The scope of the Study 
A couple of emotions and visual stimuli have been selected to study the 
characteristic of the brain. The participants for this study are healthy engineering 
students from Universiti Teknologi Malaysia (UTM); the ages of the participants are 
between 20-24 years old from different years. Four emotions investigated and two 
sessions applied where each session is 7 minutes long with the different type of 
emotions (more details in Chapter 3). One of these sessions while the Transcranial 
magnetic stimulation (TMS) applied to the temporal lobe and the other is without 
TMS. The three parts of electroencephalogram (EEG) activity are measured, Alpha, 
Beta, and Gamma. MATLAB version 9.2 program used to analyze the raw data taken 





1.6 Thesis Organization 
In this thesis, it will be five chapters explained as follows, Chapter 1 is a brief 
introduction to the project is given, and the importance of Transcranial Magnetic 
Stimulation with some application that can be applicable in, also in this chapter the 
problems of this project is identified and explained with the aims of this project and 
scope. Chapter 2 reviews of the literature been written and the information from the 
previous researchers presented with an explanation about how the emotions generate, 
the brain signals, transcranial magnetic stimulation, and EEG signal processing. 
Chapter 3 explains the methodology in details that applied in this project with a clear 
presentation of the data collection protocol. It begins with choosing the subjects, 
experimental equipment and materials during the data collection stage, experimental 
protocol, and signal preprocessing. Chapter 4: provides the results that generated from 
this project, and what are the findings that accomplished with the presentation of the 
results in term of understandable figures and tables. Lastly, Chapter 5 presents a 







1.  Rossi S, Hallett M, Rossini PM, Pascual-Leone A, Avanzini G, Bestmann S, 
et al. Safety, ethical considerations, and application guidelines for the use of 
transcranial magnetic stimulation in clinical practice and research. Vol. 120, 
Clinical Neurophysiology. 2009. p. 2008 39.  
2.  Ali M, Al Machot F, Mosa AH, Kyamakya K. A Novel EEG-Based Emotion 
Recognition Approach for E- Healthcare Applications. Proc 31st Annu ACM 
Symp Appl Comput. 2016;162 4.  
3.  Gaur SS, Herjanto H, Makkar M. Review of emotions research in marketing, 
2002-2013. J Retail Consum Serv [Internet]. 2014;21(6):917 23. Available 
from: http://dx.doi.org/10.1016/j.jretconser.2014.08.009 
4.  Riva G, Mantovani F, Capideville CS, Preziosa A, Morganti F, Villani D, et 
al. Affective Interactions Using Virtual Reality: The Link between Presence 
and Emotions. CyberPsychology Behav [Internet]. 2007;10(1):45 56. 
Available from: http://www.liebertonline.com/doi/abs/10.1089/cpb.2006.9993 
5.  Hallett M. Transcranial magnetic stimulation: A primer. Neuron [Internet]. 
2007;55(2):187 99. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/17640522 
6.  Cabanac M. What is emotion? Behav Processes. 2002;  
7.  Plutchik R. The circumplex as a general model of the structure of emotions 
and personality. Circumplex Model Personal Emot [Internet]. 1987;17 45. 
Available from: http://content.apa.org/books/10261-001 
8.  Plutchik R. The nature of emotions: Human emotions have deep evolutionary 
roots. Am Sci. 2001;89(4):344 50.  
9.  Lang PJ. The Emotion Probe: Studies of Motivation and Attention. Am 
Psychol. 1995;  
10.  Lang PJ, Bradley MM, Cuthbert BN. International Affective Picture System 
(IAPS): Technical Manual and Affective Ratings. NIMH. 1997;  
11.  Hajcak G, Dennis TA. Brain potentials during affective picture processing in 
children. Biol Psychol. 2009;  





SH, et al. Fundamentals of transcranial electric and magnetic stimulation dose: 
Definition, selection, and reporting practices. Vol. 5, Brain Stimulation. 2012. 
p. 435 53.  
13.  Serway RA, Jewett JW. Physics for Scientists and Engineers. Medical 
Hypotheses. 2003.  
14.  Bersani FS, Minichino A, Enticott PG, Mazzarini L, Khan N, Antonacci G, et 
al. Deep transcranial magnetic stimulation as a treatment for psychiatric 
disorders: A comprehensive review. Eur Psychiatry [Internet]. 2013;28(1):30
9. Available from: http://dx.doi.org/10.1016/j.eurpsy.2012.02.006 
15.  Amassian VE, Cracco RQ, Maccabee PJ, Cracco JB. Cerebello-frontal cortical 
projections in humans studied with the magnetic coil. Electroencephalogr Clin 
Neurophysiol Evoked Potentials. 1992;  
16.  Ilmoniemi RJ, Virtanen J, Ruohonen J, Karhu J, Aronen HJ, Näätänen R, et al. 
Neuronal responses to magnetic stimulation reveal cortical reactivity and 
connectivity. Neuroreport. 1997;  
17.  Bonato C, Miniussi C, Rossini PM. Transcranial magnetic stimulation and 
cortical evoked potentials: A TMS/EEG co-registration study. Clin 
Neurophysiol. 2006;  
18.  Tortora GJ, Derrickson B. Principles of Anatomy & Physiology 14th Edition. 
Wiley. 2014.  
19.  Michael Petrides. Neuroanatomy of Language Regions of the Human Brain. 
First Edit. Cambridge, Massachusetts, United States: Academic Press; 2013. 
160 p.  
20.  Mai J, Paxinos G. The human nervous system. 3rd ed. Amsterdam: Elsevier 
Academic Press; 2012.  
21.  Shimamura AP. Humans. In: Encyclopedia of Neuroscience. 2010.  
22.  
principles, clinical applications, and related fields: Sixth edition. 
iples, Clinical 
Applications, and Related Fields: Sixth Edition. 2012. 
23.  Ashley E. Wilkinson, Aleesha M. McCormick NDL. Central Nervous System 
Tissue Engineering: Current Considerations and Strategies. First Edit. San 
Rafael, California, United States: Morgan & Claypool; 2012. 112 p.  






Networks, Espoo, Finland, June 14-17, 2011, Proceedings. Part II. 
Proceedings of the 21st international conference on Artificial neural networks 
- Volume Part II. Berlin: Springer; 2011. 474 p.  
25.  Feinberg TE, Mallatt JM. The Ancient Origins of Consciousness. How the 
brain created experience. Vol. 1. Cambridge, MA: The MIT Press; 2016.  
26.  Sanei S, Chambers JA. EEG Signal Processing. EEG Signal Processing. 2013.  
27.  Du R, Lee HJ. Power spectral performance analysis of EEG during emotional 
auditory experiment. In: ICALIP 2014 - 2014 International Conference on 
Audio, Language and Image Processing, Proceedings. 2015. p. 64 8.  
28.  Regan D. Human brain electrophysiology. Evoked potentials and evoked 
magnetic fields in science and medicine. Electroencephalogr Clin 
Neurophysiol. 1989;  
29.  Luck SJ (Steven J. An introduction to the event-related potential technique. 
CEUR Workshop Proceedings. 2005.  
30.  Valeriani M, Pazzaglia C, Cruccu G, Truini A. Clinical usefulness of laser 
evoked potentials. Neurophysiologie Clinique. 2012.  
31.  Liu H, Shah S, Jiang W. On-line outlier detection and data cleaning. Comput 
Chem Eng. 2004;28(9):1635 47.  
32.  Chaovalit P, Gangopadhyay A, Karabatis G, Chen Z. Discrete wavelet 
transform-based time series analysis and mining. ACM Comput Surv. 
2011;43(2):1 37.  
33.  Heil C. Ten Lectures on Wavelets (Ingrid Daubechies). SIAM Rev. 1993;  
34.  Murugappan M. Classification of human emotion from EEG using discrete 
wavelet transform. J Biomed Sci Eng. 2010;03(04):390 6.  
35.  Merchant ND, Barton TR, Thompson PM, Pirotta E, Dakin DT, Dorocicz J. 
Spectral probability density as a tool for ambient noise analysis. J Acoust Soc 
Am [Internet]. 2013;133(4):EL262-7. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/23556689 
36. M.J. Roberts. Signals and Systems: Analysis Using Transform Methods & 
MATLAB. second edi. McGraw-Hill Education; 2011. 816 p.  
37.  Ott RL, Longnecker M. An Introduction to Statistical Methods and Data 
Analysis Sixth Edition. Learning. 2010.  





Financ Res Lett. 2004;1(1):56 73.  
39.   diagnostic accuracy of decision tree classifier 
of fuzzy and k-NN based weighted pre-processing methods to diagnosis of 
erythemato-squamous diseases. Digit Signal Process A Rev J. 
2006;16(6):922 30.  
40.  Zhang H, Zhao Y, Yao F, Xu L, Shang P, Li G. An adaptation strategy of 
using LDA classifier for EMG pattern recognition. Conf Proc  . Annu Int Conf 
IEEE Eng Med Biol Soc IEEE Eng Med Biol Soc Annu Conf. 
2013;2013:4267 70.  
41.  Jatupaiboon N, Pan-Ngum S, Israsena P. Real-time EEG-based happiness 
detection system. Sci World J. 2013;2013.  
42.  Zhuang N, Zeng Y, Tong L, Zhang C, Zhang H, Yan B. Emotion Recognition 
from EEG Signals Using Multidimensional Information in EMD Domain. 
Biomed Res Int. 2017;2017.  
43.  Lahane P, Kumar Sangaiah A. An approach to eeg based emotion recognition 
and classification using kernel density estimation. Procedia Comput Sci 
[Internet]. 2015;48(C):574 81. Available from: 
http://dx.doi.org/10.1016/j.procs.2015.04.138 
44.  Zheng W-L, Zhu J-Y, Peng Y, Lu B-L. EEG-Based Emotion Classification 
Using Deep Belief Networks. Multimed Expo. 2014;1 6.  
45.  Hu X, Yu J, Song M, Yu C, Wang F, Sun P, et al. EEG Correlates of Ten 
Positive Emotions. Front Hum Neurosci [Internet]. 2017;11(January). 
Available from: 
http://journal.frontiersin.org/article/10.3389/fnhum.2017.00026/full 
46.  Lin YP, Wang CH, Jung TP, Wu TL, Jeng SK, Duann JR, et al. EEG-based 
Emotion Recognition. IEEE Trans Biomed Eng. 2010;57(7):1798 806.  
47.  Thammasan N, Moriyama K, Fukui K, Numao M. Familiarity effects in EEG-
based emotion recognition. Brain Informatics [Internet]. 2016;4(1):39 50. 
Available from: http://link.springer.com/10.1007/s40708-016-0051-5 
48. Liu Y, Sourina O. EEG databases for emotion recognition. In: Proceedings -
2013 International Conference on Cyberworlds, CW 2013. 2013. p. 302 9.  
49.  Mohammadi Z, Frounchi J, Amiri M. Wavelet-based emotion recognition 
system using EEG signal. Neural Comput Appl. 2016;28(8):1985 90.  





emotion classification. In: International IEEE/EMBS Conference on Neural 
Engineering, NER. 2013. p. 81 4.  
51.  Jenke R, Peer A, Buss M. Feature extraction and selection for emotion 
recognition from EEG. IEEE Trans Affect Comput. 2014;5(3):327 39.  
52.  Bhardwaj A, Gupta A, Jain P, Rani A, Yadav J. Classification of human 
emotions from EEG signals using SVM and LDA Classifiers. In: 2015 2nd 
International Conference on Signal Processing and Integrated Networks 
(SPIN) [Internet]. 2015. p. 180 5. Available from: 
http://ieeexplore.ieee.org/document/7095376/ 
53.  Li M, Lu BL. Emotion classification based on gamma-band EEG. In: 
Proceedings of the 31st Annual International Conference of the IEEE 
Engineering in Medicine and Biology Society: Engineering the Future of 
Biomedicine, EMBC 2009. 2009. p. 1323 6.  
54.  Mattavelli G, Rosanova M, Casali AG, Papagno C, Romero Lauro LJ. Timing 
of emotion representation in right and left occipital region: Evidence from 
combined TMS-EEG. Brain Cogn. 2016;106:13 22.  
55.  Long T. Signal Processing in Neuroscience. S.l.: Springer; 2016. 500 p.  
56.  Jurcak V, Tsuzuki D, Dan I. 10/20, 10/10, and 10/5 systems revisited: Their 
validity as relative head-surface-based positioning systems. Neuroimage. 
2007;34(4):1600 11.  
57.  Askamp J, van Putten MJAM. Mobile EEG in epilepsy. Int J Psychophysiol. 
2014;  
58.  Siebner HR, Hartwigsen G, Kassuba T, Rothwell JC. How does transcranial 
magnetic stimulation modify neuronal activity in the brain? Implications for 
studies of cognition. Cortex. 2009;  
59.  Van Doren J, Langguth B, Schecklmann M. TMS-related potentials and 
artifacts in combined TMS-EEG measurements: Comparison of three different 
TMS devices. Neurophysiol Clin. 2015;  
60.  rs 
for emotion recognition using EEG. In: Lecture Notes in Computer Science 
(including subseries Lecture Notes in Artificial Intelligence and Lecture Notes 
in Bioinformatics). 2013.  
61.  Banerjee A. Automated electronic filter design [Internet]. Springer; 2016. 





62.  Pesaran B. Spectral Analysis for Neural Signals. Cent Neural Sci New York 
Univ. 2008;  
 
